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Abstract 
An efficient electrocardiogram (ECG) delineation 
algorithm is proposed to instantaneously delineate the 
ECG characteristic points, such as peak, onset and offset 
points of QRS, P and T waves. It is essential to delineate 
the ECG characteristic waves accurately and precisely as 
it ensure the performance of ECG analysis and diagnosis. 
The proposed delineation algorithm is based on discrete 
wavelet transform (DWT) and moving window average 
(MWA) techniques. The proposed delineation algorithm is 
evaluated and assessed with the annotation data of QT 
database in term of accuracy, sensitivity and positive 
predictive value. With the only available 13 sets QT 
database records with modified Lead II data, the proposed 
algorithm achieved significant P peak, R peak, T peak and 
T offset delineation performance with the accuracy of 
95.34%, 99.80%, 90.82% and 86.33% respectively when 
evaluated with q1c annotation file. The mean difference 
between detected and annotated T offset based on q1c and 
q2c is 13 ms and 3.6 ms respectively. The delineation of 15 
minute-long ECG record only required 74.702 second. As 
conclusion, the proposed ECG delineation algorithm 
based on DWT and MWA techniques have been proven 
simple, efficient and accurate in delineating the significant 
ECG characteristic points. 
 
1. Introduction 
Over the decades, electrocardiography has been used as 
a routine modality by cardiologists for cardiac assessment, 
monitoring and diagnosis due to its simplicity, cost 
effective and non-invasiveness characteristics. 
Electrocardiogram (ECG) is the biosignal acquired from 
electrocardiography by attaching the electrodes on the 
body surface of patient over time. ECG is a graphical 
representation of the propagation of electrical impulses 
triggered by cardiac muscles as it initiates the cardiac 
cycle. It is widely used to analyze and diagnose various 
cardiac disorders as ECG do conveys a huge amount of 
electrophysiological information that reflects the 
performance and health condition of the heart as well as its 
abnormalities [1, 2]. Normal sinus ECG consists of P wave, 
QRS complex, T wave and conditional U wave [3]. 
ECG delineation is the process of identifying the ECG 
characteristic points, such as peak, onset and offset points 
of ECG waves. Through delineation, clinical significant 
features can be derived and extracted from the morphology 
of the ECG characteristic wave, such as intervals, 
amplitude and shape of the wave. These features are used 
to access various structural and functional cardiac 
performance and assists the clinician in decision-making 
[1, 2]. For instance, the abnormal prolongation or 
shortening of QT interval indicates the higher risk for the 
occurrence of ventricular arrhythmia and sudden cardiac 
death [4-6]. With clinician’s manual visual inspection, 
ECG delineation and analysis can be a tough and tedious 
task as it requires a terrific amount of time and expert 
human resources [7-9]. The miss identification of complex 
and diverse ECG morphologies might occur during manual 
visual inspection. Hence, the development of efficient 
computerized ECG delineation approach is necessary as it 
plays a decisive role in diagnosing cardiac diseases.  
In this study, we proposed a simple and efficient ECG 
delineation algorithm based on discrete wavelet transform 
and moving window average techniques to delineate the 
QRS complex, P and T waves. This article consists of four 
sections which begin with an introduction. Section 2 
describes the methodology of proposed ECG delineation 
algorithm. Section 3 presents the performance evaluation 
of the delineation algorithm. Lastly, section 4 finalizes the 
article with the conclusion. 
 
2. Methodology 
This section describes the methodology of an efficient 
ECG delineation algorithm that instantaneously delineate 
the significant ECG characteristic waves. Figure 2 shows 
the overview workflow of the proposed ECG delineation 
algorithm based on discrete wavelet transform and moving 
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Figure 2. Workflow of the proposed ECG delineation 
algorithm 
 
2.1. ECG Datasets 
The ECG dataset used is QT Database [10] that acquired 
from PhysioNet [11]. It consists of 105 sets of fifteen-
minute ECG datasets with the sampling frequency of 250 
Hz. The proposed ECG delineation algorithm is designed 
based on the ECG Lead II morphology which has upright 
P, R with the highest peak amplitude and T waves. QT 
Database consists of two independent annotation files 
which denoted as q1c and q2c. Noted that some of the 
annotation data are not in continuous sequences of 




ECG input signal is de-noises using notch filter with the 
cut-off frequency of 50 Hz to remove the powerline 
interference noise. Then, the baseline wandering and high 
frequency noises are de-noised using the discrete wavelet 
transform through the decomposition and reconstruction 
techniques. The wavelet decomposition level is defined at 





⁄  as 
the targeted ECG datasets are sampled at 250 Hz. The 
mother wavelet of Daubechies 6 (db6) is used to 
decompose and reconstruct the ECG signal due to its 
structural similarity and filtering performance [12-14]. The 
filtered ECG signal can be acquired by applying the 
inverse wavelet transform to reconstruct the detailed 
coefficients with the frequency range of 0.05 Hz to 100 Hz. 
Hence, the ECG artefacts are effectively eliminated while 
preserving the significant ECG features. 
The filtered ECG are then isolated and separated into 
two sub-signals that comprises of QRS complex and P and 
T waves based on their frequency range. With the 
decomposition and reconstruction techniques, QRS 
complex with the frequency range of 10 Hz to 50 Hz [15] 
are isolated and separated from P and T waves with the 
frequency range of 0.6 Hz to 7 Hz [15] which denoted as 
E1 and E2 respectively as illustrated in Figure 2. This 
approach allows the efficient delineation of ECG 
characteristic wave without the need to introduce extra 
method for the removal of QRS complex, while, avoiding 
the possibility of miss identification of R peak and high T 
peak [16]. 
 
3. ECG Delineation 
The workflow of the proposed ECG delineation 
algorithm are separated into two parts: QRS complex 
delineation and P and T wave delineation are shown in 
Figure 2. First, E1 signal is squared point by point, allows 
R peak become more significant and predominant wave. 
An adaptive threshold are implemented to reduce and 
eliminate those amplified ECG noises that did not 
contribute to QRS complex. The interest windows of QRS 
complex are generated based on two event-related moving 
window average technique which is firstly introduced by 
Elgendi [17]. The first moving window average, 𝑴𝑾𝑨𝑸𝑹𝑺 is 
used to extract the QRS features, while the second moving 
window average, 𝑴𝑾𝑨𝒃𝒆𝒂𝒕 is used to extract the ECG beat. 
Both moving window average are defined as the following 
equations 1 and 2. 
 






] +  … +  y[n] +  … +  y [n +
𝑤1−1
2
])                (1) 
 
Where 𝑤1is the window size of the first moving window 
average which defined as the approximate duration of QRS 
complex and rounded to the nearest odd integer. 
 






] +  … +  y[n] +  … +  y [n +
𝑤2−1
2
])                 (2) 
 
Where 𝑤2 is the window size of the second moving 
window average which defined as the approximate 
duration of a heartbeat and rounded to the nearest odd 
integer. 
 
The optimal value for the window size of first and 
second moving window average is defined as 0.097 and 
0.611 respectively [17]. The interest window of QRS 
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complex are then identified as the region where the 𝑀𝑊𝐴𝑄𝑅𝑆 
is greater than 𝑀𝑊𝐴𝑏𝑒𝑎𝑡  and set to 1.5 as depicted in 
equation 3 below. R peak is then detected as the point with 
the maximum amplitude within the interest window of 
QRS complex. 
 
    Interest window of QRS complex = {
1.5,   𝑀𝑊𝐴𝑄𝑅𝑆 > 𝑀𝑊𝐴𝑏𝑒𝑎𝑡   
0,    𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
         (3) 
 
For identifying the interest window of P and T waves, 
similar approach are implemented. As the P wave is 
typically smaller than T wave, the window size of two 
moving window average is then based on the P wave 
duration [16]. The window size of first and second moving 
window average is 0.055 (half of the P wave duration) and 
0.11 [16].The potential P peak region is located on the left 
side of R peak within the duration of one-third of 
successive R-R interval [18, 19]. Within potential P peak 
region, P peak is identify as the point with maximum 
amplitude inside the widest interest window of P wave.  
For the T peak detection, similar procedures are repeated 
on the squared reconstructed signal, 𝐸22 to avoid the miss 
detection of inverted T peak morphology. The potential T 
peak region located on right side of R peak within the 
duration of two-third of successive R-R interval [18, 19]. 
T peak is identify as the point with maximum amplitude 
within the widest interest window of T wave in the 
potential T peak region. Once the T peak is identified, T 
offset are identify by the change of derivative sign based 
method. The T offset are identified as the point with the 
change of derivative sign from negative to positive for the 
normal upright T peak morphology. While, the change of 
derivative sign from positive to negative for the inverted T 
peak. The delineation of P, R, T peaks and T offset are 
illustrated in Figure 3. 
 
3.1. Performance Evaluation 
In this study, three statistical parameters, such as 
accuracy (Acc), sensitivity (Se) and positive predictive 
value (PPV) were calculated to evaluate the performance 
of the proposed instantaneous ECG delineation algorithm, 
which described in the following equations: 
 
                   𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦, 𝐴𝐶𝐶 =  
𝑇𝑃
𝑇𝑃+𝐹𝑁+𝐹𝑃
 𝑥 100%                            (4) 
 
                      𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦, 𝑆𝑒 =  
𝑇𝑃
𝑇𝑃+𝐹𝑁
 𝑥 100%                                (5) 
 
                𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑣𝑒 𝑉𝑎𝑙𝑢𝑒, 𝑃𝑃𝑉 =  
𝑇𝑃
𝑇𝑃+𝐹𝑃
 𝑥 100%        (6) 
 
Where 𝑇𝑃 is the true positive beat, 𝐹𝑁  is the false 
negative beat and 𝐹𝑃 is the false positive beat. 
 
The true positive (TP) beat is determined when the time 
difference between the annotated beat and detected beat is 
not greater than 150 ms which in obedience with 
ANSI/AAMI-EC57:1998 standard [20]. Else, it is 
considered false positive (FP) as the time difference is 
greater than 150 ms. The false negative (FN) is found when 
there is no point detected within the range of ± 150 ms 
around annotated point. The performance of the proposed 
instantaneous ECG delineation algorithm is evaluated 
using the annotation files q1c and q2c as summarized in 
Table 1. The mean difference between detected and 
annotated T offset based on q1c and q2c is 13 ms and 3.6 
ms respectively.  In addition, the time required to delineate 
15 minute-long ECG recording is measured which is about 
74.702 second. Noted that the algorithm were executed in 
Matlab R2016a on a workstation with windows 10 
operating system, Intel® Core™ i7 central processing unit 













Figure 3. Delineation of P, R, T peaks and T offset. 
 
 
Table 1. Performance evaluation of proposed 
instantaneous ECG delineation algorithm using the 
annotation file q1c and q2c of the QT database. 
 
ECG 
P Peak R Peak T Peak T offset 
q1c q2c q1c q2c q1c q2c q1c q2c 
Total 
beat 
472 N.A. 512 401 512 400 512 400 
TP 450 N.A. 511 400 465 367 442 348 
FP 19 N.A. 1 1 31 22 39 36 
FN 3 N.A. 0 0 16 11 31 16 
ACC 95.34 N.A. 99.8 99.75 90.82 91.75 86.33 87 
Se 99.34 N.A. 100 100 96.67 97.09 93.45 95.6 
PPV 95.95 N.A. 99.8 99.75 93.75 94.35 91.89 90.63 
*Abbreviation: N.A. – not available 
 
4. Conclusion 
In this study, an efficient and simple ECG delineation 
algorithm that instantaneously delineate the significant 
ECG characteristic points were proposed. The proposed 
algorithm is based on discrete wavelet transform and 
moving window average techniques which have low 
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computational burden. The implementation of 
decomposition and reconstruction techniques allows the 
QRS complex and P and T waves to be separated and 
isolated according to their frequency range. This enables 
the delineation of P and T wave to be completed without 
the need to introduce the QRS removal method and further 
avoid the miss recognition of R peak and high T peak. The 
proposed algorithm with the isolated T wave signal also 
enable the accurate delineation of inverted T peak that 
further improve the T wave delineation performance. 
Moreover, the wrong or miss delineation of current 
heartbeat would not influence the delineation of next 
heartbeat as the delineation is achieved through windowing 
approach based on two moving window average. The 
proposed algorithm having low computational cost while 
achieving adequate delineation results for the significant 
ECG characteristic points. It is believed that the efficient 
and low computational instantaneous ECG delineation 
algorithm is crucial as it plays a pivotal role in the 
diagnosis of cardiovascular diseases and assisting the 
clinical practitioner in saving the patient’s life nowadays. 
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